Final Exam Type Problems

Spring 2026

The problems that follow are meant to be representative of the major topics covered on the final exam that you should know from
taking the course. These may or may not cover everything tested on the problems on the final exam but are designed to give you
practice on multi-part questions of the types of things that you could expect to see on the final exam.



Final Exam Example #1

— 2D Projectile Motion, Equations of Motion & Vectors

A softball of mass my, = 200g (~7 ounces) is hit by a bat that is horizontally swung 1m off the ground. The ball leaves the
end of the bat with a speed of 217 (~47’:—Ti) at an angle & = 36°, measured with respect to the horizontal.

What is the time of flight of the softball from the height it was hit until it returns to the ground?

In this time, what is the horizontal distance traveled by the softball and would the player have hit a homerun if the outfield
wall is 225ft (~69m) away and has a height h = 2.0m measured from ground level, will the player have hit a homerun?

If the player hits a home run with what velocity (magnitude and direction) will the ball clear the outfield wall and will the
ball be rising or falling when it does?

At what height above the wall will the softball clear the outfield wall if the player hits a home run.

If the player does not hit a home run, by how much does the player miss the outfield wall, measured horizontally across the
ground?

Independent of whether the player hits a homerun, what 1s the impact velocity of the softball with the ground?
Independent of whether the player hits a homerun, what’s the highest point the softball reaches above the ground?

If the player didn’t hit a homerun, at what initial speed v; would the ball need to be hit if & remains unchanged to hit a
homerun?



Final Exam Example #1 - Solutions

* What is the time of flight of the softball from the height it was hit until it returns to the ground?
Vix = v;cos @ = 212 cos 36 = 17%
Viy = v;sinf = 21%sin36 = 12.3%
—0.1s

Vr =Y+ vt —2gt? 5 0=1+t—49t* -
2.6s

* In this time, what is the horizontal distance traveled by the softball and would the player have hit a homerun if the outfield
wall is 225ft (~69m) away and has a height h = 2.0m measured from ground level, will the player have hit a homerun?

Xp = X; + Vit + %axt2 = Xp = Ujt = 17% - 2.65 = 44.2m

« If the player does not hit a home run, by how much does the player miss the outfield wall, measured horizontally across
the ground?

Ax = 69m — 44.2m = 24.8m



Final Exam Example #1 - Solutions

* Independent of whether the player hits a homerun, what is the impact velocity of the softball with the ground?

2 2
Vpy = Vig + Ayt > Uy = vy = 170 vp = \/v]?x +vf, = \/(17%) +(-13.22)" = 21.57

—_ m
Uy = vy 0yt = 1238 - (085269) =132 tang =2 g =t () =t (T
s

* Independent of whether the player hits a homerun, what’s the highest point the softball reaches above the ground?

Method 1

Viy 123%
g 98%
Yr = yi + viyt —2gt% = 1m + (12.32 - 1.265) — 2(9.8%)(1.265)? = 8.7m

= 1.26s

Vry =0 =v, —gt >t =

Method 2
% vZ (12.32)°
2 N — a2 _ _ W _ ly __ —

= —37.8°



Final Exam Example #1 - Solutions

 If the player didn’t hit a homerun, at what initial speed v; would the ball need to be hit if 8 remains unchanged to hit a
homerun?

Viy V;C0s0

xf=xl-+v1xt—>t=

9%y
2v? cos? 6

Xr
v; cos 6

. Xf 2
Yf =)’i+v1yt—%gt2 =yi+vi51n0<vicose)—%g( ) - Yr =Y; +xptanf —

gx;
2 cos2 0(y; — yr + x¢ tan 6)

2
gXf 2

=y, —Yrt+xrtanf - v; =

2v?2 cos? 6 G :

gxg 9.85(69m)?

2 _
" 2cos?6(y; —yr +xstan@) 2cos?36 (1m —2m + 69mtan 36) ~

V-

V; = 259%



Final Exam Example #2

— Conservation of Energy, Collisions, 2D Projectile Motion, Equations of Motion & Vectors

A block of mass m; = 0.5kg is released from rest at a height h = 1.0m above the top of a
table. The block of mass m; collides with a block of mass m, = 2kg at rest on the edge of
the table. After the collision the block of mass m, is kicked off of the table and is seen to land
on the ground a horizontal distance d = 0. 5m from where it was launched.

What is the speed of the block of mass m; just before it collided with the
block of mass m,?

« If the block of mass m, falls through a vertical height of 0.75m, with what
. speed was it launched from the top of the table?

*  What was the time of flight of the block of mass m, to the ground?

 What was the impact velocity (magnitude and direction) that the block of
mass m, made with the ground?

*  What was the speed of the block of mass m, after the collision?

 Was the collision elastic or inelastic?



Final Exam Example #2 - Solution

* What is the speed of the block of mass m, just before it collided with the block of mass m,?

AE = 0 = AKy + AKg + AU, + AU = AKp + AU, = (3myvie — amyvd) + (magyip — migya:)

%mlvlzf = M19Y1i = Vif = Vi,horizontal = 2gh = \/2 : 9'85% +1m = 4'4%

» If the block of mass m, falls through a vertical height of 0.75m, with what speed was it launched from the top of the
table?

Xf:xi+let—)t: =
Vix vz,after collision

2
d
Y = Vit vyt — 3gt% > —y = —3gt* = —%g< >
Uz,after collision

fgaz J9.8sz(o.5m)2

- vz,after collision — 2.0.75m = 1'27%

y



Final Exam Example #2 - Solution

*  What was the time of flight of the block of mass m, to the ground?

2y 2-0.75m
— _1_42

* What was the impact velocity (magnitude and direction) that the block of mass m, made with the ground?

Vpx = Vix t Oyt 2 Vg = Uy = 12778

Vey = Uiy + Clyt = —(98;”_2 03955) — _38%

vr = \/v]?x +vE, = \/(1.27"?1)2 + (—3.8%)2 = 47

v v —3.8%¢
tang = 22 > ¢ = tan™? <ﬂ> = tan~! ( S) = —71.5°

1.27



Final Exam Example #2 - Solution

*  What was the speed of the block of mass m, after the collision?
Ap, =0 = Prx — Pix = Pix = Prx
M1 V1 horizontal = mlvl,after,collision +m,; vz,after,collision

. M1 V1, horizontal — M2V2,after collision . (O-Skg ) 4-4%) o (Zkg ) 1-27%) .

= Vt,after,collision = m, 0.5kg _ _0'68%

 Was the collision elastic or inelastic?

_ _ (1 2 1 2 1 2
AK = Kf — K; = (§m1v1ac + §m2772ac) —3M1V1n

AK = (%(O.Skg)(—0.68%)2 + %(Zkg)(1.27%)2) — 1(0.5kg)(4.41)° = —3.11)

Since this 1s not zero, the collision is inelastic.



Final Exam Example #3
— Motion in 1D, constant Forces, Constat Acceleration, Equations of Motion, Data Analysis, and Uncertainty

Suppose that for physics lab you were tasked with experimentally determining the mass of a low-friction cart m_ . used for a
laboratory experiment. To do this, you set up the apparatus shown below. A light, non-stretchable string is attached to the
cart, passed over a pulley of negligible mass and friction, and attached to a hanger, where various hanging masses m; could
be added.

The cart is released from rest at a marked starting line, and a motion sensor records the time t it takes for the cart to travel a
fixed distance D along the horizontal track. The track is leveled so that friction between the cart and the track is negligible.

_ne ' , |i

* From a carefully labeled free-body (force) diagram, what is the translational acceleration of the low-friction cart in
terms of m., my, and g?



Final Exam Example #3
— Motion in 1D, constant Forces, Constant Acceleration, Equations of Motion, Data Analysis, and Uncertainty

Suppose that you wanted to determine the mass of the low-friction cart m_, by taking data on the time ¢ it took to travel
the horizontal distance D, and the translational acceleration of the system a. Derive an equation that would allow you
to accomplish this and explain how you would determine the mass of the low-friction cart from your equation.

Suppose that you took the following data on the masses m hung on the holder and the time t it took the low-friction
cart to cover the constant horizontal distance D = 1.2m from rest. What would you have to plot in order to determine

the mass of the low-friction cart?

Hanging mass m (kg)

Time t(s) to cover distance D

0.05 1.81
0.10 1.34
0.15 1.13
0.20 1.00
0.25 0.91




Final Exam Example #3
— Motion in 1D, constant Forces, Constant Acceleration, Equations of Motion, Data Analysis, and Uncertainty

* Here’s the plot and from the plot, what is the mass m of the low-friction cart?

t? = 0.152m~1 + 0.245

0 5 10 15 20 25
m~t(kg™1)

* Suppose you later discover that the string was not perfectly level, but was actually tilted slightly upward toward the
pulley. Would the acceleration of the cart be greater than, less than, or equal to the acceleration on a perfectly level

track? Explain your reasoning.

 How would this tilt affect the mass of the low-friction cart? Would 1t be an overestimate, underestimate, or would it not
affect the result at all? Explain your reasoning.



Final Exam Example #3 - Solutions

* Suppose that you wanted to determine the mass of the low-friction cart m., by taking data on the time t it took to travel
the horizontal distance D, and the translational acceleration of the system a. Derive an equation that would allow you to
accomplish this and explain how you would determine the mass of the low-friction cart from your equation.

For the cart parallel to the horizontal surface (to the right is the positive x-direction):
Fr =m.a

For the hanging mass (vertically up 1s the positive y-direction)
Fr—myg = —mya

- m.a—mug = —mya

s o)
»a=|——]g
mh+mc



Final Exam Example #3 - Solutions

The horizontal distance D traveled in time t is given by the cart:

m
— 1 1 h
Xp=Xx; t vt +30 2> D= E(—h C) gt?

) 2D 2D 2Dm,\ 1 I would make a plot of t%versus — and from this plot, the slope of the line
= — = — h
-t (my + m¢) + m
mp g my could be used to calculate the mass of the cart.
l ZDmC Slope - g OlSZkg . Sz . 98822 0.62k
slope =—->m, = = = 0.
PE= g AR 2-1.2m :

We could also evaluate the y-intercept and in doing so, we see that it is the same value as 1s given on the graph.

2D 2-1.2m
g 98%

y — intercept = = 0.245s*



Final Exam Example #3 - Solutions

* Suppose you later discover that the string was not perfectly level, but was actually tilted slightly upward toward the
pulley. Would the acceleration of the cart be greater than, less than, or equal to the acceleration on a perfectly level
track? Explain your reasoning.

my, cos 6
)g

Frcos =m.a - (myg —mya)cosf =m a—>a=(
¢ g ¢ my, cos 8 + m,

Fr —mpg = —mpa - Fr = mpg —mpa

To see what happens to the acceleration, let’s try some extremes. For 8 = 0 this reduces to our original equation. For
6 — 90, this gives a = 0. So, the acceleration of the cart would be less than that if the string were level. We could also
argue this from Frcos8. As 0 T, Fr | and thus a |.

 How would this tilt affect the mass of the low-friction cart? Would it be an overestimate, underestimate, or would it
not affect the result at all? Explain your reasoning.

Since the acceleration is smaller, it would take longer to cover the same distance 2Dm
c

for each given hanging mass. Thus, the slope would be larger and thus the mass ¢ lope = —— — slope T,m, 1
would be larger. This would be an overestimation of the mass of the cart.



Final Exam Example #4
- Conservation of Energy, Circular Motion and Forces, Work, Frictional Work, Springs and Elastic Potential Energy,
Work-Kinetic Energy Theorem

A sled of mass m = 100kg is at rest at the top of a tall snowy hill of height h = 35m. The sled starts to slide down the hill
from rest.

* What is the speed of the sled at the bottom of the hill?

* The hill is part of an obstacle course and when the sled gets to the bottom of the hill it encounters a loop-the-loop that
makes up part of the track. If the bottom of the loop-the-loop is at ground level, what is the magnitude of the normal
force on the sled at the top of the loop-the-loop if the loop-the-loop is a circle of radius R = 10m?

* How much work was done by gravity on the sled from the bottom to the top of the loop-the-loop?
» After the sled exits the loop-the-loop it slides across the horizontal ground until it encounters a spring of stiffness k and
under the spring a patch of friction exists. What is the stiffness of the spring if the cart needs to be brought to rest over a

distance of 7m? Assume the coefficient of kinetic friction is p, = 0.75 and the spring is initially at equilibrium.

 How much work was done by the spring in bringing the sled to rest? How much work was done by friction brining the
sled to rest?

* How does the total work done on the sled by the spring and friction compare to the change in kinetic energy of the sled?
Is it as it should be? Explain.



Final Exam Example #4 - Solution

* What is the speed of the sled at the bottom of the hill?

AE = 0 = AKy + DKy + AU, + AUs = Ky + AUy = (3mvZoseom — 2mvl,,) + (MgYbottom — MIVtop)

%mvgottom = MGYtop = V1bottom =/ 29h = \/2 ) 9.85% +35m = 26'2%

* The hill is part of an obstacle course and when the sled gets to the bottom of the hill it encounters a loop-the-loop that
makes up part of the track. If the bottom of the loop-the-loop is at ground level, what is the magnitude of the normal
force on the sled at the top of the loop-the-loop if the loop-the-loop is a circle of radius R = 10m?

AE =0 = AKT + AKR + AUg + AUS = AKT + AUg = (%mvtzop - %mvlgottom) + (mQYtop - mQYbottom)

2y = VBottom — 29Vtop = (2621)° = 2 9.8 - (2 10m) = 294.4™% > v, = 17.27

2
Vi, vi, 29447

— %P — 1 —2P _ — st _ggm| —
—Fy —mg = —m R - Fy=m R mg-lOOkg( Tom 9.85—2>—1964.4N



Final Exam Example #4 - Solution

* How much work was done by gravity on the sled from the bottom to the top of the loop-the-loop?
Method 1: W = FAycos8 = mg(2R) cos180 = —2Rmg = —2 - 10m - 100kg - 9.8522 = —19600/

Method2: W = —AU, = —(mgyiop = MIYVbottom) = —2Rmg = —19600]

Method 3: W = AK = Imv2,, — imvZ,,.om = - 100kg ((17.2";)2 - (26.2’?”)2) = —19530]

» After the sled exits the loop-the-loop it slides across the horizontal ground until it encounters a spring of stiffness k and
under the spring a patch of friction exists. What is the stiffness of the spring if the cart needs to be brought to rest over a
distance of 7m? Assume the coefficient of kinetic friction is y, = 0.75 and the spring is initially at equilibrium.

AE = Wy, = AKr + MKy + AUy + AU = Wy, = AKp + AUs = FrAx cos 6 = (mvf — smvioom) + (Gkxf — Skx?)

UFyxp cos 180 = —umgxy = —sMVoprom + 5kxf

2 m
12 _oumax. 100kg ((26.21“) ~2-0.75-9.8% - 7m)
k = bottom Hmgygxs _ S S _ 1190.9%

2 2
Xg (7m)




Final Exam Example #4 - Solution

 How much work was done by the spring in bringing the sled to rest? How much work was done by friction brining the
sled to rest?

Wr, = —umgx; = —0.75 - 100kg - 9.8 - 7m = —5145]

Wy = —AUg = —kxf = 2+ 1190.92 - (7Tm)?*= —29177]

* How does the total work done on the sled by the spring and friction compare to the change in kinetic energy of the sled?
Is it as it should be? Explain.

Wnet = Wfr + WS‘ = Wf?‘ —AUS = AK
Whee = Wry + W, = —5145] — 29177] = —34322]

Wiet = AK = 2mv? —ImvZo,on = —1-100kg - (26.222)° = —34322]

The net work done is equal to the change in kinetic energy as it should be.



Final Exam Example #5
- Forces, Torques, Equations of Motion for Constant Acceleration, & Conservation of Energy

A box of mass m; is at rest on a horizontal surface. This box is connected to a second box of mass m, by a light string
that passes over a pulley of mass m,, and radius 7,,. The box of mass m, hangs vertically at rest.

» If the system is released from rest, what is the translational acceleration of the system of masses? Use forces/torques
and assume friction (with coefficient of kinetic friction ;) exists on the horizontal surface that mass m, slides.

* From the translational acceleration you determined from forces/torques, what is the speed of mass m; (and mass m,
also) after the mass m, has slid a distance d from rest?

* How long does it take mass m; to slide distance d from rest?

* Using the translational acceleration of the system, what is the speed of mass m, after time if the mass m;were
released from rest ? How does this compare to the result calculated above?

» Using energies, what is the speed of mass m, after it has slid a distance d from rest?

*  What coefficient of kinetic friction would be needed so the box of mass m, falls at a constant speed?



Final Exam Example #5 - Solution

« If the system is released from rest, what is the translational acceleration of the system of masses? Use forces/torques
and assume friction (with coefficient of kinetic friction p;, ) exists on the horizontal surface that mass m; slides.

For mass m,

Fretx = Frp — Fpr = mqa = Frp = mya + Fr, = mpa + pFy = mya + umy g

Fnet,y:FN_FW:mlayZO_)FN:FW:ng

For mass m,

Foety = Frr — Fyp = —mya,, = Frg = Fyyp —mya =myg —mya
For the pulley
a
Tnet = Tpp, — Trpp = 1@ = 1, Fpp Sin90 — 1, Frp sin 90 = —%mprpz <r_>
p

a
Frp, — Frg =mia +pumyg —myg + mpya = _%mprpz <_>

p
_ mp; — Himy
a= T g
m; +m, +sm,,




Final Exam Example #5 - Solution

* From the translational acceleration you determined from forces/torques, what 1s the speed of mass m; (and mass m, also)
after the mass m has slid a distance d from rest?

m, — um
Vi = Vi + 2abx > v, = V2ad = 2( 2 #11 )gd
my +my +om,

* How long does it take mass m; to slide distance d from rest?

mp — imy

2d <m1 +m, + %m,,)

_ 1. .2 _1
Xp = X; + Vit + 50,5t —>d—§< 7 ——

tz >t =
m1+m2+%mp>g

* Using the translational acceleration of the system, what is the speed of mass m, after time if the mass m,were released
from rest ? How does this compare to the result calculated above?

m, — um 2d (my + m, +m m, — um
ope = vie e = | (P | PE(T T ) (i) o
m1+m2 +7mp g mz_ﬂml m1+m2 +§mp




Final Exam Example #5 - Solution

» Using energies, what is the speed of mass m, after it has slid a distance d from rest?
AE = WfT == AKT + AKR + AUg + AUS == AKT]_ + AKTZ + AKRP + Ang

uFyd cos 180 = —um, gd = (3 m1171f m1v1l) + (2m2v2f - _m2v21) + (;prf %I(U;Zoi) + (ngny - mzﬂ)’zt)

2
Vs
—um,gd = %(ml + mz)vf + %(%mprpz) <a —m,gd

—um, gd = 2(my + my + 3m, )vf —mygd

my; — iUmy
vp = |2 T gd
my +m, +sm,




Final Exam Example #5 - Solution

*  What coefficient of kinetic friction would be needed so the box of mass m, falls at a constant speed?

For mass m,

Foetx = Frp = Ffrp =mya =0 - Frp = Fr = umy g
For mass m,

Frety = Frp — Fyz = —myay, = 0 = Frp = Fyp = Myg

For the pulley

Tnet = Tpp, — Trpp = 10 = 0 = 1, Fp; sSin90 = 1, Frp sin 90 — Frp = Frp

Fry = Frp = Fpr = Fyp, 2 myg = pmy g

m,

m=



Final Exam Example #6
- Rotational and Translational Statics, Forces, Torques, Rotational Motion, Rotational Kinetic Energy, &
Conservation of Energy

A bar of mass m; = 50kg and length L = 2m is attached to the side of a building by a
cable as shown below.

«  What is the tension in the cable if @ = 15° and the cable is attached at a point 75% of
the length of the bar? 0

* What is the reaction force (magnitude and direction) on the attachment point at the
building?
26
* Suppose the cable breaks, what is the initial angular acceleration of the system?

(Hint: The moment of inertia of a thin rod spun about one end is §ml2 )

*  When the bar is horizontal what is its rotational speed? Hint: Use energy ideas.

*  When the bar is horizontal, what is the translational speed of the center-of-mass of the
bar?



Final Exam Example #6 - Solution

« What is the tension in the cable if 8 = 15° and the cable is attached at a point 75% of the length of the bar?
Fretx = Frx — Frx = Fry — Fr c0s(90 — 30) = 0 — Fp, = Fr cos 45
Frety = Fry — Ky — Fry = Fryy — Fyy — Frsin(90 — 360) = 0 - F,, = F, + Fr sin45
Tnet = —Tw + Tp, = Tk, Sin260 + 1 Frsinf =0

1, F, sin 260 %mg sin 30 % -+ 50kg - 9.8?2 sin 30
- Fr = : = S— = : = 631.1N
TrpSING ~Lsin15 sin 15

— Fp,= Frcos75 = 631.1N - cos45 = 446.3N

- Fry=Fy + Frsin45 = 50kg - 9.85; + 631.1N - sin45 = 936.2N

Fp = \/F,%x + F2, =y (446.3N)? + (936.2N)? = 1037.2N

Fry (Fry | (9362N
= — = - — ] = - = 4 0
tang =7 =~ ¢ =tan (F ) tan (446.3N> 645

Rx Rx



Final Exam Example #6 - Solution

* Suppose the cable breaks, what is the initial angular acceleration of the system? (Hint: The moment of inertia of a thin

rod spun about one end is %mlz.)

[ :
1 31 3(7mg 51n20) 3g 3985
Tnet = — Ty = la = §mlza —>q= _m—lvg = — T =~ sin 20 = o eri sin30 = —3.68—szd

*  When the bar is horizontal what is its rotational speed?

AE = 0 = AKy + AKg + AU, + AUs = AKr + AU, = (Flwf — S w?) + (MgYsottom — MYVtop)

[ l m
2m 2mag=cos 26 3g cos 26 3-:9.8=
gytOp = gz = Y = s cos 30 = 3.577"_ C;d

Wr = _—
/ I 1 ml? [ 2m
\ 3
*  When the bar is horizontal, what is the translational speed of the center-of-mass of the bar?
[ 2m
Ueom = TW = E(I) = T . 3.57@ = 3.57%

Just a comment: You either have to solve this problem by torques (which is an integral problem) or by using energy, which we did.
You can’t use the rotational equations of motion because they are for constant angular acceleration. Here the angular acceleration
changes with angle and 1s not constant.



Final Exam Example #7
- Fluids, Fluid Pressure, Equation of Continuity, Bernoulli's Equation, Conservation of Energy, Kinetic and
Gravitational Potential Energies, and Graphs

A large, cylindrical water tower of radius . = 4m sits on top of a hill at the edge of a cliff which drops off vertically by a
distance y = 20m to a valley below. The tower is open at the top and filled with water (pw = 1000%) to a height H =
9.0m. A small, solid spherical plastic buoy with a mass m;, = 3.0kg and diameter d;, = 60cm is held entirely submerged
at the bottom of the tank by a light string (of length 10cm attached to the tank floor. At some point in time, someone
punctures the side of the tank such that a small circular hole of radius r = 1.0cm 1s opened on the side of the tank at a
depth h = 4m below the tank’s upper surface.

* Before the hole is made in the water tower, what is the pressure at the buoy depth and what is the tension in the string
connecting the buoy to the bottom of the water tower?

» Using energy ideas, what is the speed of the water that exits the hole after the water tower has been punctured?

* What is the time of flight of the water to the valley floor?

* What is the horizontal distance at which the water hits the valley floor? Assume the speed of the fluid exiting the hole
does not change. It does. How does the speed change and what would happen to the horizontal distance if the speed

changes?

* What is the impact velocity of the water with the valley floor? Assume the speed of the fluid exiting the hole does not
change.



Final Exam Example #7
- Fluids, Fluid Pressure, Equation of Continuity, Bernoulli's Equation, Conservation of Energy, Kinetic and

Gravitational Potential Energies, and Graphs

* Suppose that at before the hole i1s made inside of the water tower, the string connecting the buoy to the water tower’s
bottom is cut. What is the acceleration of the buoy toward the surface of the water tower? Assume fluid drag is

negligible. It is not, but that’s a very hard problem to solve.
* What is the kinetic energy change as a function of time if there 1s no fluid drag? What if there was viscous drag?

* What is the potential energy as a function of time? How does it relate to the change in kinetic energy?



Final Exam Example #7 - Solution

* Before the hole is made in the water tower, what is the pressure at the buoy depth and what 1s the tension in the string
connecting the buoy to the bottom of the water tower?

Py = Pai + pgd = 1.01x10°%, + 100054 - 9.8% - (9m — 0.1m) = 1.88x10°-5
Fretyy = —Fr — Fyy + Fg = 0 = Fr = Fy — Fyy = pgV — mg = 1000-% - 9.8% - (31(0.3m)*) — (3kg - 9.85;) = 323.4N
» Using energy ideas, what is the speed of the water that exits the hole after the water tower has been punctured?

AE =0 = AKy + AKg + AU, + AU; = AKr + AU, = (%mv?ide — %mvtzop) + (mgybottom — mgytop)

Uside = \/Zg(ytop - :Vbottom) - JZ ) 9-8522 -(Om —4m) = 9.9%L

* What is the time of flight of the water to the valley floor?

2-(20m + 5m)
9.8%
S

2y
Yr = Vit vyt —3gt? > =y = —3gt? >t = —=\/

= 2.26s
g



Final Exam Example #7 - Solution

* What is the horizontal distance at which the water hits the valley floor? Assume the speed of the fluid exiting the hole
does not change. It does. How does the speed change and what would happen to the horizontal distance if the speed
changes?

Xf = Xj + Ul'xt + %axtz = vl‘xt = 99% «2.26s = 22.4m

As the heigh of the water decreases in the tower, the speed of the exiting fluid decreases by conservation of energy.
Thus, the horizontal distance will decrease but the time of flight will remain the since that is determined by the
vertical fall.

* What is the impact velocity of the water with the valley floor? Assume the speed of the fluid exiting the hole does not
change.

2 2
Vpx = Vix + Axt 2 Vpy = Uiy = 9-9% Vr = \/vlgx T vfgy = \/(99%) + (_22'2%1) = 24'3%
v v —22.218
Uy = Uiy + ayt = —(9.8% - 2.265) = —22.27 tang =22 > ¢ = tan~1 (22 ] = tan~? — | = —56.3"
S fo fo 99?



Final Exam Example #7 - Solution

* Suppose that at before the hole is made inside of the water tower, the string connecting the buoy to the water tower’s
bottom is cut. What is the acceleration of the buoy toward the surface of the water tower? Assume fluid drag is

negligible. It is not, but that’s a very hard problem to solve.

F,—F, - 1000% . 9'8522 . (%n(O.Bmf) — 3kg - 9.8?2 B m
_ = 107.8=
m 3kg >

Fpet = Fp — Fy =ma, - a, =
* What is the kinetic energy change as a function of time if there 1s no fluid drag? What if there was viscous drag?

Since the buoy accelerates upwards from rest, its kinetic energy increases. If there were viscous drag, there may be a point
at which the upward buoyant force will equal the downward weight. If this happens before the buoy reaches the surface, it

will stop accelerating and move upward with a constant velocity.

* What is the potential energy as a function of time? How does it relate to the change in kinetic energy?

Since the energy is constant and the kinetic energy increases, the potential energy must decrease. This seems counter

intuitive, but as the buoy rises, the fluid that it displaces falls. This leads to a decreases in potential energy in the system.



